Function-directed mutagenesis of the cytochrome b6f complex in Chlamydomonas reinhardtii: involvement of the cd loop of cytochrome b6 in quinol binding to the Q(o) site.
The FUD2 mutant from the green alga Chlamydomonas reinhardtii expresses a cytochrome b6 variant of higher apparent molecular mass [Lemaire et al. (1986) Biochim. Biophys. Acta 851, 239-248]. Here, we show that the mutation corresponds to a 36 base pair duplication in the chloroplast petB gene, which corresponds to a 12 amino acid duplication in the cd loop of cytochrome b6. The resulting protein still binds its heme cofactors and assembles into cytochrome b6f complexes, which accumulate in wild type amounts in exponentially growing cells of FUD2. However, these cytochrome b6f complexes show loosened binding of the Rieske protein and are more prone to degradation in aging cells. Electron transfer through the cytochrome b6f complexes is about 8 times slower in FUD2 than in wild type cells. This is due to a slower oxidation of plastoquinol at the Q(o) site, the folding of which is most likely altered by the duplication. By varying the redox state of the plastoquinone pool in vivo, we show that there is a dramatic decrease in the affinity of the Q(o) site for plastoquinols, which is about 100 times lower in FUD2 than in wild type cells. Our results show that the value of the binding constant of plastoquinol to the Q(o) site (2 x 10(4) M(-1)) derived in [Kramer et al. (1994) Biochim. Biophys. Acta 1184, 251-262] may be extrapolated to in vivo conditions.